General Experimental Section

Reagents and instruments
All commercially purchased reagents were used without further purification. Chloroform was purchased from Sigma-Aldrich (anhydrous > 99%, 0.5% -1% ethanol as stabilizer). NMR spectra were recorded on Bruker Avance 300 ( Mass spectra were obtained on Bruker micro TOF II and Bruker Maxis 4G (ESI + , Toluene/Acetonitrile) instruments. HPLC-MS analysis was performed on a Shimadzu LCMS 2020 instrument (column: ASC Amide, 2.6 µm, 150 x 4.6 mm; mobile phase: H2O/MeCN 70% → 100 % MeCN; flow rate: 0.3 mL/min; Kinetex C18, 2.6 µm, 100 x 4.6 mm; mobile phase: H2O/MeCN 80% → 100 % MeCN; flow rate: 0.3 mL/min). IR spectra were recorded on a Bruker Tensor 27-IR spectrometer as solids in ATR-mode. The microwave experiments were carried out on a Biotage initiator + system.
General Sonication Considerations:
The "sonotorode" experiments were performed under an atmosphere of argon using a Bandelin Sonopuls 3200 HD sonicator at 20 kHz equipped with a 13 mm replaceable tip titanium probe (Bandelin VS 70 T).
Calorimetry 1 was used to calibrate the ultrasonic intensity produced by the probe. Therefore a Dewar was filled with 250 g of deionized ice water and the probe was submerged 1 cm into the water. The amplitude was set to 15% and sonication was started. The water temperature was recorded every 15 seconds for 4 minutes. temp /  time was obtained by the slope of the linear fit. This procedure was repeated for 25, 40, 60 and 80%.
The heat due to cavitation in W was determined from the following equation:
The specific heat of the water is 4.179 Jg -1° C -1 , the mass of the water is 250 g and  temp /  time is the slope of the linear fit of the plot.
The resulting value, q, was divided by the surface area of the horn tip (1.327 cm 2 for a 13 mm tip) to obtain W/cm 2 . The Power produced was plotted against the percentage of the amplitude to generate the calibration curve. (24.3 W/cm 2 at 25% amplitude; no pulsing)
Custom Suslick cells were fabricated in house. Argon was bubbled through the solvent for 30 min prior to each experiment performed. An argon line was attached to a cell's side arm and a steady argon flow was maintained during the reaction time. Pulsed ultrasound was applied (0.5 s on and 1.0 s off) at 25% amplitude for each experiment performed.
The following instruments were used for "ultrasonic bath" (US bath) conditions: VWR ultrasonic cleaner USC-THD, Bandelin sonorex digiplus and Bandelin sonorex.
General procedure "sonotrode":
Anhydrous chloroform with 0.5% -1% ethanol as stabilizer was degassed by bubbling through argon for 30 minutes. Compound AA (36.7 mg, 0.15 mmol) and compound BB (45.9 mg, 0.15 mmol) were placed in a three-neck Suslick cell and dissolved in 15 mL of the degassed solvent and kept under a slight argon flow during the reaction. The reaction mixture was placed in an ice bath during the whole time of the reaction to avoid heating of the solvent. Pulsed ultrasound was applied (0.5 s on and 1.0 s off) at 25% amplitude for the desired time.
General procedure "ultrasonic bath":
For the reaction in an ultrasonic bath, anhydrous chloroform with 0.5% -1% ethanol as stabilizer was degassed by bubbling through argon for 30 minutes. Compound AA (36.7 mg, 0.15 mmol) and compound BB (45.9 mg, 0.15 mmol) were placed in a sealed ACE pressure tube and dissolved in 15 mL of the degassed solvent. The sealed tube was placed in the ultrasonic bath and a cooling finger was immersed into the bath to keep the water temperature constant at 27 °C.
S5
Synthesis and characterization data Synthesis of bis(4-methoxybenzyl)disulfide(BB)
In a 250 mL round necked flask K2CO3 (4.48 g, 32 mmol) was dissolved in a mixture of MeOH (20 mL) and H2O (20 mL). 4-methoxy-a-toluenethiol (2.50 g, 2.25 mL, 16 mmol) was added together with dichloromethane (20 mL) and the reaction mixture was stirred vigorously. A solution of iodine in dichloromethane (2 g in 50 mL) was added drop wise until the color of the iodine persisted and the reaction was stirred for further 15 minutes. The excess of iodine was quenched by the addition of sodium thiosulfate, the layers were separated and the aqueous layer was extracted with dichloromethane (50 mL). The combined organic layers were washed with a diluted solution of sodium thiosulfate and brine, dried over MgSO4 and the solvents were removed under reduced pressure to
give the desired product as a colorless solid. 
S6
Synthesis of 1,2-dihexyldisulfide (DD)
Hexane-1-thiol (2.50 g, 21.11 mmol) was dissolved in MeOH and then titrated with a solution of iodine in
MeOH until the color of the iodine remained. The excess of iodine was quenched with a saturated aq.
solution of NaHSO3, the reaction mixture diluted with H2O and extracted 3 times with CH2Cl2 (20 mL). The organic layers were combined, dried and the solvent was removed under reduced pressure to obtain a colorless oil. 
S7
Synthesis of 6,6´-disulfanediylbis(hexane-1-ol) (EE)
6-mercaptohexan-1-ol (1.96 g, 14.6 mmol) was dissolved in MeOH (20 mL) and then titrated with a solution of iodine in MeOH until the color of the iodine remained. The excess of iodine was quenched with a saturated solution of NaHSO3, the reaction mixture diluted with H2O and extracted three times with CH2Cl2
(20 mL). The organic layers were combined, dried and the solvent was removed under reduced pressure to obtain a colorless solid. 
S8
Synthesis of dimethyl 3,3´-disulfanediylbis(2-((tert-butoxycarbonyl)amino)propanoate (FF)
N-(tert-Butoxycarbonyl)-L-cysteine methyl ester (0.24 g, 2.0 mL, 1.0 mmol) was dissolved in dest. H2O
(3mL) under vigorous stirring. NaI was added together with H2O2 (11 mL). The reaction mixture was stirred over night. The precipitate was filtered off and dried under vacuum. Flash purification with a mixture of hexanes and ethyl acetate (100/0  80/20 gradient) gave the desired product as a colorless solid. Bandelin HD 3200 Sonotrode in bromoform AA:BB S14
Iodoform induced exchange in THF
For the iodoform-induced exchange, the inhibitor present in solvent tetrahydrofuran (BHT) was removed by filtering the solvent through a plug of activated basic alumina and the solvent consecutively was degassed by bubbling through argon for 15 minutes. Compound AA (18.45 mg, 0.075 mmol) and compound BB (22.95 mg, 0.075 mmol) were placed together with CHI3 (0.15 mmol, 29.5 mg) in a threeneck Suslick cell and dissolved in 15 mL of the degassed solvent and kept under a slight argon flow during the reaction. The reaction mixture was placed in an ice bath during the whole time of the reaction to avoid heating of the solvent. Pulsed ultrasound was applied (0.5 s on and 1.0 s off) at 25% amplitude for the desired time.
Reference HPLC trace for iodoform: 
Base induced exchange (DBU/DTT 10 %)
For the base induced exchange compound AA (2,46 mg, 0.01 mmol) and compound BB (3.06 mg, 0.01 mmol) were placed in a screw capped vial and dissolved in 2 mL of the degassed CHCl3. A stock solution(0.1 mmol/mL) of DBU and DTT in CHCl3 was prepared. Then 10 µL of the stock solution were added to the reaction mixture and kept under stirring for 6 days at room temperature. 
UV induced exchange (400 W Hg lamp)
Anhydrous chloroform with 0.5% -1% ethanol as stabilizer was degassed by bubbling through argon for 30 minutes. Compound AA (18.45 mg, 0.075 mmol) and compound BB (22.95 mg, 0.075 mmol) were placed in screw-capped glass vial, dissolved in 7.5 mL of the degassed solvent and placed in a UV-reactor, equipped with an 400 W Hg-Lamp, for 180 min. 
Heat induced exchange
For this reaction, chloroform with 0.5% -1% ethanol as stabilizer was degassed by bubbling through argon for 30 minutes. Compound AA (36.7 mg, 0.15 mmol) and compound BB (45.9 mg, 0.15 mmol) were placed in a sealed ACE pressure tube and dissolved in 15 mL of the degassed solvent. The sealed tube was placed in a preheated oil bath and kept at 110 °C for five hours. were dissolved in 5 mL of the degassed solvent. 1 mL of the solution was transferred in a µW vial. The microwave was set to 300 W (11 bar, 170 °C) for 1 hour.
Figure S 19: HPLC trace of reaction Table 1, entry 9 at 254 nm after 1 h reaction time (Ascentis Amide cloumn, 70/30
acetonitrile/water  100% acetonitrile over 10 minutes). DBPO 20 mol% S20 HPLC traces / 1 H-NMR spectra of Scope reactions with sonotrode Table 2 AA:BB
Figure S 21: HPLC trace of reaction Table 2, entry 1 at 254 nm after 1 h reaction time (Ascentis Amide cloumn, 70/30
acetonitrile/water  100% acetonitrile over 10 minutes). Note: we also carried out a ternary exchange experiment with compounds DD, EE and FF. In this experiment, we observed appearance of product DE after 40 min, but could not observe any exchange products featuring residue F (hence FF seems to be rather unreactive but does not inhibit the reaction). Compound AA (36.7 mg, 0.15 mmol) and compound BB (45.9 mg, 0.15 mmol) were placed in a three-neck Suslick cell and dissolved in 7.5 mL CHCl3, then 7.5 mL H2O were. The reaction mixture was placed in an ice bath during the whole time of the reaction to avoid heating of the solvent. Pulsed ultrasound was applied (0.5 s on and 1.0 s off) at 25% amplitude for 1.5 h.
BB:CC
AA:BB in H2O/CHCl3 emulsion after 1.5 h of sonication (4% exchange): For the bromoform induced exchange the inhibitor of the tetrahydrofuran (BHT) was removed by filtering the solvent through a plug of activated basic alumina and then the solvents consecutively was degassed by bubbling through argon for 15 minutes. Compound AA (24.6 mg, 0.1 mmol) and compound BB (30.6 mg, 0.1 mmol) were placed together with CHBr3 (100 eq., 2.5 g, 0.9 mL) in a three-neck Suslick cell and dissolved in 10 mL of the degassed solvent and kept under a slight argon flow during the reaction. The reaction mixture was placed in an ice bath during the whole time of the reaction to avoid heating of the solvent. Pulsed ultrasound was applied (0.5 s on and 1.0 s off) at 25% amplitude for the desired time.
AA:BB in THF with CHBr3 as additive (100 eq.) after 1.5 h sonication (2% exchange): AA:BB in THF with CHBr3 as additive (100 eq.) after 1.5 h sonication and 18h rest: 
